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Abstract 
This curriculum project addresses the challenges students with Autism Spectrum Disorder (ASD) 
face in the general education classroom and provides integrated research based instructional 
strategies aligned with accommodations and/or modifications.  Specific challenges addressed in 
this project include structuring lessons with routines for challenges with social interactions, 
modifying curriculum for use with technological devices for a deficiency in fine motor skills, 
and adapting classroom procedures in the mathematics classroom for ASD students with 
Attention-Deficit/ Hyperactivity Disorder (ADHD). The accommodations and modifications are 
blended into the eighth-grade mathematics curriculum according to the Common Core State 
Standards and New York State’s Next Generation Standards. The curriculum provided has been 
adapted to the middle school mathematics content for the volume of geometric solids unit.  
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Autism Spectrum Disorders 
What is referred to as Autism is short for Autism Spectrum Disorders (ASD) and consists 
of multiple developmental disorders (Friedlander, 2009). These disorders include Autism, 
Pervasive Development Disorder, Asperger’s Syndrome, Fragile X Syndrome, and Obsessive-
Compulsive Disorder (Volkmar, 2014). A spectrum disorder, like ASD, affects each individual 
in a different way. According to Iovannone, Dunlap, Huber, and Kincaid (2003) the presentation 
of behaviors and symptoms of ASD are heterogenous, making each individual student unique. 
This implies that instruction for students with ASD must be individualized according to the 
specific student’s needs. The purpose of this curriculum project is to provide an exemplar unit of 
eighth grade instruction modified for students with ASD. The curriculum includes lessons with 
directives of appropriate accommodations or modifications for the unit of volumes of geometric 
solids. Middle school mathematics teachers can use the curriculum with intermittent and specific 
accommodations or modifications and then create their own units of instruction using this project 
as a guide. In the end, the goal is to support all ASD students’ learning of mathematics.     
Literature Review 
Challenges Students with ASD Face in the Classroom 
 Although each student’s needs with ASD vary, most children display similar challenges 
in specific areas such as social situations and cues, receptive language, and sensory integration 
(Friedlander, 2009). The instructional challenges that seek to be supported with this project is the 
aversion of group work in social situations, the aversion of written work with calculations on 
assignments, and the connection of Attention Deficit Hyperactivity Disorder (ADHD) with ASD. 
Unfortunately, due to the nature of the spectrum disorder, there is no single program that will 
address all needs for all students with ASD (Iovannone, Dunlap, Huber, and Kincaid, 2003).  
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Challenges with Social Interactions 
 Since students on the spectrum thrive with routines, anything new or different creates 
uncertainty, which can be fearful to the student (Friedlander, 2009). Typically, group or partner 
work is outside of the usual routine in a classroom, which can be frightening to the student. 
Preparing the student ahead of time for the lesson is essential to easing the anxiety and pairing 
the student with a buddy consistently can help ease the transition into partner or group work 
(Friedlander, 2009). A study on adolescents on the spectrum using a group work intervention 
model to increase social skills and communication concluded that students with ASD can 
significantly increase their social communication skills over time (MacKay, Knott, and Dunlop, 
2007). The specific skills addressed in this study were social understanding and interaction with 
others (MacKay, Knott, and Dunlop, 2007). This study, along with a buddy system, shows that 
effective group work can be achieved in the classroom given time, consistency, and appropriate 
preparation.  
Challenges with Fine Motor Skills 
 Provost, Lopez, and Heimerl (2007) presented their study that compared children without 
ASD to those with ASD, and all children with ASD had some delays in gross motor skills, fine 
motor skills, or both. This finding is significant when considering the nature of mathematics is 
typically written calculations that may produce a challenge to students with ASD. Children with 
ASD often also have Dyspraxia, a deficiency in motor skills (Dziuk et al., 2007). Students with 
Dyspraxia often struggle with classroom activities such as taking written notes, pencil grip, and 
coloring.  
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Challenges with ADHD 
 According to Reiersen and Todd (2008), studies show that it is common for children with 
ASD to also display symptoms of ADHD, even suggesting that there may be genes that influence 
both disorders. When considering these students, it is important that a focus is not put on just the 
ASD or ADHD as strategies that treat ADHD may not be effective for those with both disorders 
(Reiersen & Todd, 2008). A study implementing a self-monitoring system for two high-
functioning males with ASD and ADHD revealed an increase in on-task behavior and student 
happiness, and a decrease in off-task behavior (Stasolla,  Perilli & Damiani, 2014). Allowing 
students to monitor their own behaviors in class gives them control over their learning and 
environment. 
Autism Spectrum Disorder Data and Statistics 
 Autism is the fastest-growing disability among students with ASD making up 7.6% of all 
students that receive special education services (King, Lemons, & Davidson, 2016). Of these 
children, about 40% of students with ASD are in the general education classroom (King, Lemons 
& Davidson, 2016). According to Friedlander (2009), autism affects approximately one in every 
166 children in the United States. However, Yoo suggests that the increase in Autism may be 
somewhat inflated due to the changing definitions of the disorder and the method by which the 
disorder is diagnosed (2013). Since Autism is a spectrum disorder, it emcompasses multiple 
disorders that were previously considered separate disorders. Additionally, the first screening is 
often completed by parents and teachers who may have prior concerns providing a bias on the 
questionnaire (Yoo, 2013). While there is an increase in cases of ASD, it is still unclear if the 
nature of the increase is genetic, environmental, or due to changes made to the medical 
profession (Yoo, 2013).  
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Trends in Education 
 According to Shyman (2012), it is known that content specific teachers lack knowledge 
of ASD and have limited experience working with ASD students. The number of highly 
qualified teachers with knowledge of how to work with ASD students has not increased at the 
same rate as students being diagnosed with ASD (Shyman, 2012).  Since the quality of education 
is directly related to the teacher and their ability to meet the needs of their students with ASD, it 
is imperative that teachers have the proper training. Findings of action research show that both 
participants and teachers benefitted from the training teachers received (Güleç - Aslan, 2013). 
Others argue that it is difficult to provide this training since not all students with ASD display the 
same behaviors or characteristics (Shyman, 2012).  
Common Core State Standards – Mathematics  
 The Common Core State Standards in Mathematics (CCSS-M), widely adopted across 
the US in 2010, placed a greater emphasis on college and career readiness, and improved 
outcomes for students with disabilities after high school. To achieve this the CCSS-M raised 
expectations for all students without regard to students with disabilities (King, Lemons, and 
Davidson, 2016). Unfortunately, the increased expectations without embedded support in the 
curriculum produced uninspiring results. According to King, Lemons, and Davidson (2016) 
scores of students with disabilities have not increased since the adoption of the CCSS-M. 
Research Based Practices for the Classroom 
 Although teacher training may not be available to all, there are some practices can be 
easily implemented in the classroom to address the needs of students with disabilities. Practices 
such as order and structure in the classroom is important when considering students with Autism. 
Yet, it is important to remember that each specific student with ASD must be considered 
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individually when deciding which practices to include in the classroom instruction since each 
student with ASD displays unique behaviors. Friedlander (2009) suggests posting schedules so 
they are visible, provide notice to any schedule or classroom changes ahead of time, use visual 
cues, and remain aware of known sensory issues.  
 Having and maintaining consistent structure in the classroom is a well-known practice 
that is beneficial for students with ASD. However, according to Iovannone, Dunlap, Huber, and 
Kincaid (2003), the definition of structure should be consistently defined. A classroom is 
structured when the curriculum, environment, and expectations are “clear and comprehensible to 
both the students and educational personnel” (Iovannone, Dunlap, Huber & Kincaid, 2003, p. #). 
To check for structure as defined above, observe what students do in the classroom for a few 
minutes without direction and compare their actions and behaviors to what is expected of them. 
If their actions do not match their expectations, then it is possible that the student does not 
understand the expectations of classroom procedures (Iovannone, Dunlap, Huber & Kincaid, 
2003).  
Accommodations and Modifications in the Curriculum 
 Before continuing, it is important to note the difference between accommodations and 
modifications, as they are often used interchangeably. These terms are most often used with 
testing in classrooms but both ideas can be applied to curriculum. Accommodations typically 
refer to physical or procedural adaptations that do not change what is being taught or tested. 
Modifications change expectations of what the student is expected to learn (Frey, 2014). This 
curriculum addresses both accommodations and modifications, and each word will be used 
according to it’s meaning.  
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 According to Frey (2014), if a different version of material is provided as an alternate to 
the original, it is a modification. In this case, all the following lessons are modifications of New 
York State’s Common Core Curriculum Modules. Considering this, the curriculum is modified 
to fit the needs and challenges students with ASD present as discussed above. The curriculum 
holds true to the relational understanding presented by the Modules, by including the same 
concepts and meeting the same standards. Lesson activities, practice, and formatting is modified 
to address the discussed challenges.  
 Students with ASD often face challenges with social interactions and usually prefer to 
work independently. It is also known that these students thrive with routines when they know 
what to expect in the classroom. The best way to overcome the fear associated with working 
collaboratively is to include brief social interactions into their daily routine. By associating social 
interactions with the familiarity of a routine, these interactions become familiar and comfortable. 
The lessons below utilize a buddy system. The students in the class are paired with a regular 
buddy. Buddy’s can be changed periodically, but not too frequently or it will not become a part 
of the student’s routine. Each lesson will include a short period of time that is a partner activity, 
to encourage the social interactions of the students with ASD. The lessons end with an 
independent practice time, partly so the student leaves the classroom feeling safe, and so that the 
teacher can assess the student’s lesson progress. 
 Over time, social interactions can be increased by putting pairs together into groups of 
four. These progressions are demonstrated in the curriculum by including brief partner activities 
in lessons 1 and 2, then increased to a brief group activity in lesson 3. It is important to give 
proper notice to students with ASD about the group activity prior to the lesson as it is a change to 
the normal routine. Once group work is introduced as an extension of the buddy system and the 
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students have adjusted, other group set ups can be utilized with the same prior notice mentioned 
above.  
Another challenge addressed is in this curriculum is a deficiency in fine motor skills, 
such as Dyspraxia. These challenges are addressed in the lessons as both accommodations and 
modifications. Changes made to the materials are modifications and the tools available to 
students are accommodations. A deficiency in fine motor skills presents a physical challenge that 
disrupts learning in mathematics specifically, since mathematics is heavily dependent on written 
calculations. The following lessons have been designed and formatted specifically for use with 
technology and tools to assist the student while in the classroom.  
The Universal Design for Learning (2018) guideline number 5.2 states that students 
should have access to “multiple tools for construction and composition”. Providing only limited 
access to communication tools limits how successful students are in the classroom. These lessons 
are in large print at 14-point serif font, with 50% or more white space on the page. This 
modification to the materials provides ample room for written calculations, when possible. All 
directions and questions should be read aloud to the class. Additionally, students have access to 
MathType with a speech-to-text feature. Using personal computers or tablets, students can 
dictate their work and calculations onto a digital version of the lesson pages.  
It is common for students with ASD to display behaviors like those with ADHD or may 
be diagnosed with both disorders. It is important, in this case, that lesson strategies are designed 
specifically for the student, as one system may work for all. Systems that have shown to be 
successful are frequent breaks and self-monitoring systems. Each lesson is designed to be used 
with the accompanying self-monitoring checklist included. This checklist has been created to fit 
into a classroom routine. For example, at the end of class, the student will complete the checklist 
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and discuss their behavior for that class with the teacher before leaving. To lessen distractions 
and maintain focus, each lesson has built in time for doodle breaks. This is a two-minute brain 
break for the student to quietly doodle on their own post-it notes. What is done during these 
break times and the length of time of the breaks is decided upon by the teacher as they can 
determine what is best for their students. These frequent breaks give the students a few minutes 
to let their minds wander, then re-focus before resuming the lesson. 
It is important to acknowledge that ASD is a spectrum disorder and what works for some 
students may not work for all. Flexibility, observation, and adaption is key for student success in 
the classroom.  
Curriculum 
Lesson 1: Volume of a Cylinder 
 Best practices for teaching students with ASD begin with maintaining a consistent 
schedule. A classroom should have an established routine that is followed daily so anxious 
feelings are reduced in students with ASD. However, it is not possible to never go outside of 
routine, or class would be unengaging. For classes that are outside of normal routine, ample 
notice prior to the class is preferred, if possible, so that the student may prepare themselves. A 
classroom routine is practiced with all the lessons in this curriculum.  
 This lesson begins with the daily classroom routine. This may be changed to whatever 
works best in your classroom with your students. In a typical daily routine, students may follow 
the steps below upon entering the classroom: 
1. Put books other than math materials away on the bookshelf.  
2. Find your buddy and your seat. 
3. Write your homework in your agenda. 
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4. Complete opening exercise.  
It is important for student directions to be kept short and concise. With practice, students will be 
able to complete these tasks without reminders or distractions. Creating a predictable classroom 
entrance routine will provide a safe learning environment for students with ASD.   
 After a brief break, the lesson begins with a whole-class discussion. This should take 
about five to ten minutes and is the direct instruction or the “I do” part of the lesson. During this 
time, the teacher will review the opening exercise first and lead into the lesson with discussion 
questions. These questions are inquiry based, beginning with simple and getting more complex. 
They develop the idea that the volume of a cylinder is the area of the base multiplied by the 
height. To further this idea, the teacher will show the class a handful of pennies. Then, the 
teacher will stack the pennies and ask the class what shape the stacked pennies are creating. 
Next, the teacher will ask how many pennies tall the cylinder is and write the height on the 
board. Finally, demonstrate measuring the diameter of the pennies in centimeters, finding the 
area, and multiplying by the height of the pennies written on the board to find the volume. Note 
that this is not the actual volume of the created cylinder because the pennies have a height that 
would need to be considered for the volume to be accurate. This is an estimate to develop the 
volume of a cylinder equation. This estimation is addressed further in the lesson for discussion.  
 Following this demonstration students will complete a partner activity. It is important to 
give all directions to the class before allowing them to begin working on their activity. Students 
will complete the same demonstration as above with the pennies, but with quarters. They will 
measure the diameter, find the radius and area, then stack them inside a cylindrical film 
container. Like above, they will find an estimation of the volume of the film container. Next, 
they will work together to find the volume of the film container using measurements of the 
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container, not the quarters. Once partners have finish, the teacher will lead the class by 
regrouping and summarizing the activity by answering the discussion question.  
 After the summary, students will be given time for independent practice. This is an 
opportunity for the teacher to assess students learning and provide feedback. Additionally, the 
teacher may work with students who are still struggling. When students finish the independent 
practice, approximately 5 minutes prior to the end of class, the teacher will give them an exit 
ticket. Students will turn in the exit ticket to the teacher when class is dismissed.  
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Lesson 1 Outline 
Objectives: Students will investigate and discover the volume equation of a cylinder. Using this 
equation, students will be able to find the volume of a cylinder given either the radius or 
diameter of the base.  
Standards: 
NY-8.G: Solve real world and mathematical problems involving volume of cylinders, cones, and 
spheres.  
9. Given the formulas for the volume of cones, cylinders, and spheres, solve 
mathematical and real-world problems. 
CCSS.MATH.CONTENT.8.G.C.9 
Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres. 
Know the formulas for the volumes of cones, cylinders, and spheres and use them to 
solve real-world and mathematical problems. 
Materials: Lesson 1 Student Handout, pencils, quarters, empty film containers, pennies, post-it 
notes, Lesson 1 exit ticket. 
Beginning of class (5 minutes): 
• Distribute student handouts while students are completing their routine. 
• Students complete opening exercise. 
Doodle Break (2 minutes) 
Discussion (5-10 minutes): 
• Review opening exercise 
• Begin lesson discussion (activity lead-in) 
• Give activity directions 
Doodle Break (2 minutes) 
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Partner work/ Investigation Activity (15 minutes): 
• Activity completion (10 minutes) 
• Regroup and Summarize (5 minutes) 
o Review activity 
o Summarize lesson and complete another example, if needed. 
Doodle Break (2 minutes) 
Independent Practice and Lesson Closure (9 minutes) 
• Practice problems completion 
• Exit Ticket (1 problem skill assessment) 
Worksheets and Learning Activities begin below: 
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Lesson 1: Volume of a Cylinder 
 
Classwork 
Opening Exercise 
 
1. Write an equation and find the volume of the rectangular prism1.   
 
 
 
 
 
Discussion: Answer the questions below based on class discussion. 
 
1. What is the base of a figure? 
 
 
 
 
2. What shape is the base of the figure below? 
 
 
 
 
 
  
 
1 NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.1 
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3. Can we find the area of the base? How? 
 
 
 
 
 
Partner Activity: Stacking Quarters 
Directions: Measure the diameter of a quarter. Find the radius of the quarter. 
Calculate the circular area of the quarter. Record your work below. 
 
Quarter diameter: 
Quarter radius: 
Quarter area:  
 
 
1. How many quarters can you stack in a film container? This will be your 
“height”.  
 
 
 
2. Find the volume of the film container using the formula below.  
2V r h=  
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3. Using a ruler, measure the diameter and height of the film container in 
centimeters. 
 
Diameter:  
Radius: 
Height: 
 
 
4. Find the volume of the film container using your measurements. 
2V r h=  
 
 
 
 
 
Regroup and Summarize: Why do you think the volume you found in 
question 2 is different from the volume you found in question 4? 
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Independent Practice: 
1. Using the equation 2V r h= , find the volume of the 
cylinder2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Working backward. 
Given the volume of 175𝜋 𝑐𝑚3, find the height of the cylinder.    
2V r h=  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.3 
5 cm 
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Exit Ticket 
 
1. Using the equation 2V r h= , find the volume of the cylinder3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.7 
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Lesson 2: Volume of a Cone 
 This lesson begins with the same routine as lesson 1. Students will enter the room, 
complete their normal routine and the opening exercise. After five minutes, the class will be 
given a two-minute doodle break before direct instruction and discussion begins.  
 After the break, review the opening exercise. It is important to review how to find the 
volume of a cylinder since it is directly related to finding the volume of a cone. Discussion will 
begin with a question asking the class to make an estimate about how many cones, if filled with 
water, would fit inside a cylinder. It is best to use three dimensional models, if available, for a 
visual guide. Students should record their estimates on their handouts, then take a poll of 
guesses. If the visual models are available, demonstrate by filling with water and pouring into the 
cylinder until it is full. If this is not an option, a link to a video is included in the material section 
of the lesson outline. Conclude, as a class, that three cones fit into a cylinder with the same size 
base. Therefore, a cone is one-third of a cylinder. Using the leading questions on the student 
handout, develop the equation for the volume of a cone using prior knowledge of a cylinder.  
 The class is given a two-minute break before beginning the next section. Students will 
complete two problems for independent practice while the teacher works with struggling students 
and provides feedback. Once finished, student will work with their buddy to complete the half-
filled challenge problem. This problem is broken down into steps and scaffolded, so that partners 
can work through it successfully. Breaking this challenging problem into steps, it is easier for 
students to identify where they have trouble and ask appropriate questions for clarification, if 
needed.  
 Finally, the class will regroup and summarize by discussing the challenge problem. The 
teacher will conclude that the volume of the water in the cone is not half of the volume of the 
cylinder and discuss why this is. It is important to get students opinions at this point. If needed, 
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show students the three-dimensional cone again and emphasize the slope of the sides of the cone. 
Students should notice that the cone gets wider as the cone gets taller. Conclude that the volume 
of the water is one-eighth of the volume of the cone when halfway filled. Students will complete 
the exit ticket and turn it in when class is dismissed. It is necessary to prepare for Lesson 3 that 
includes group work by pairing partner up. It is important to give students a notice at the end of 
lesson 2 for the next lesson so the students with ASD can prepare for the next day.  
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Lesson 2 Outline 
Objectives: Students will investigate and discover the volume equation of a cone. Using this 
equation, students will be able to find the volume of a cone given either the radius or diameter of 
the base.  
Standards: 
NY-8.G: Solve real world and mathematical problems involving volume of cylinders, cones, and 
spheres.  
9. Given the formulas for the volume of cones, cylinders, and spheres, solve 
mathematical and real-world problems. 
CCSS.MATH.CONTENT.8.G.C.9 
Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres. 
Know the formulas for the volumes of cones, cylinders, and spheres and use them to 
solve real-world and mathematical problems. 
Materials: Lesson 2 Student Handout, pencils, 3D cone and cylinder models, water, video (see 
link below), video player, post-it notes, Lesson 2 exit ticket. 
Beginning of class (5 minutes): 
• Distribute student handouts while students are completing their routine. 
• Students complete opening exercise. 
Doodle Break (2 minutes) 
Discussion (10-15 minutes): 
• Review opening exercise. 
• Begin lesson discussion (student poll). 
• Volume demonstration with cone, cylinder, and water. (If materials are unavailable, use 
link http://youtu.be/0ZACAU4SGyM). 
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• Give instructions for independent practice and write the volume equation on the board.  
Doodle Break (2 minutes) 
Independent Practice (5 minutes): 
• Practice problems completion. 
Doodle Break (2 minutes) 
Partner Activity: Half-filled (10 minutes): 
• Challenge problem completion. 
Regroup and Summarize (9 minutes) 
• Review activity. 
• Summarize lesson and complete another example, if needed. 
• Exit Ticket (1 problem skill assessment). 
Worksheets and Learning Activities begin below: 
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Lesson 2: Volume of a Cone 
 
Classwork 
Opening Exercise 
 
1.  Using the equation 2V r h= , find the volume of the 
cylinder4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion: Answer the questions below based on class discussion. 
1. How many cones would fill up a cylinder, if filled with water? 
 
 
 
 
 
2. Compare your estimate to how many actually fill a cylinder. 
 
 
 
 
 
 
 
4 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.3 
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3. What shape is the base of a cone? 
 
 
 
 
4. Can we use the equation for the volume of a cylinder to find the volume of a 
cone? How? 
 
 
 
 
 
 
Independent Practice: 
 
1.  Using the equation 𝑉 =
1
3
𝜋𝑟2ℎ, find the volume of the cone5. 
Radius: 
Height: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.4 
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2. Using the equation 𝑉 =
1
3
𝜋𝑟2ℎ, find the volume of the cone6. 
Diameter: 
Radius: 
Height: 
 
 
 
 
 
 
 
 Partner Activity: Half-Filled 
1.  A cone has height ℎ, and base of radius 𝑟, as shown7.  It is filled halfway with 
water.  Use the diagram to answer the following questions: 
a. How do you think the volume of the water 
will compare to the volume of the whole 
cone? 
 
 
 
 
 
 
b. If the radius of the larger cone is 4 cm, what is the radius of the smaller 
cone? 
 
 
 
 
 
c. If the height of the cone is 8 cm, what is the height of the water? 
 
 
 
 
 
6 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.7 
7 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.4 
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d. Find the volume of both the cone and the water. 
Cone:       Water: 
 
 
 
 
 
e. Compare the volume of the water and the cone. How do they compare to 
your estimate? 
 
 
 
 
 
 
 
 
 
 
 
Regroup and Summarize: 
Why isn’t the volume of the water half of the volume of the cone? How can 
you tell? 
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Exit Ticket 
1.  Using the equation 𝑉 =
1
3
𝜋𝑟2ℎ, find the volume of the cone8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 10, p.7 
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Lesson 3: Volume of a Sphere 
 Lesson 3 begins with the same routine as the previous lessons. Students will complete the 
opening exercise on their lesson 3 handouts. While students are completing their routine, remind 
the class that there will be a short group work session. A student and their buddy will be paired 
with another student and their buddy. This is done intentionally so that there is still a familiarity 
aspect of the group for students with ASD.  
 Direct instruction begins with a demonstration that will show students how much of a 
sphere will fill a cylinder of the same height and diameter. Ask students what their estimates are 
first and take a poll. Complete the demonstration by filling a three-dimensional model of a 
sphere and pouring it into a sphere of the same height and diameter. If this is not possible, show 
the video linked in the lesson outline. Based on the conclusion of a sphere filling two-thirds of a 
cylinder, ask the class if they think they know the volume equation of a sphere. After a few 
moments to think, write the equation on the board.  
 This leads to the question about where the four-thirds comes from when they just saw 
that the sphere fills two-thirds of the cylinder. Using the board write the equation for the volume 
of a cylinder on the board, with the two-thirds in front. Ask what the height of the sphere is. At 
this point students may conclude that it is the same as the cylinder, but how can the height of the 
sphere be written with respect to the sphere. This should prompt students to use the only 
information that they have available to them, the radius. The height of the sphere (and the 
cylinder in this case) can be written as the diameter, or two times the radius. The equation can be 
re-written, as shown below: 
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This process can be difficult for students understand, which is why it is scaffolded in parts in the 
lesson handout. Explain that the equation is related to the volume equation of a cylinder, but the 
two-thirds of the volume and simplified. When finished, instruct students to write, or type, this 
equation on to their handouts. After the discussion, students will have a two-minute doodle break 
before beginning the group activity. 
 Before the lesson, make a list of pairs of buddies for the group activity. Within their 
groups, students will be making two spheres from clay. They may roll them between their hands, 
but if there are challenges with fine motor skills, students may find it easier to roll the clay 
between a folder and their desk. The groups will use toothpicks to measure the diameter through 
the center of the sphere. Using these measurements, they will calculate the volume of the two 
spheres. When finished, students will compare their calculations with their group mates and 
discuss discrepancies in measurements. Regroup as a class and continue this discussion about 
why volume measurements may be different for the same sphere within the same group. Allow 
students to lead this discussion as much as possible to show ownership of their learning. When 
finished, students will take a two-minute doodle break. 
 After the break, students should work independently on the practice problems. The 
teacher can assist struggling students or may provide feedback to students as they work. As 
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students finish the independent practice, provide them with the exit ticket. They will complete 
the exit ticket and turn it in upon class dismissal.  
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Lesson 3 Outline 
Objectives: Students will investigate and discover the volume equation of a sphere using 
knowledge of the volume of a cylinder. Using this equation, students will be able to find the 
volume of a cylinder given either the radius or diameter.  
Standards: 
NY-8.G: Solve real world and mathematical problems involving volume of cylinders, cones, and 
spheres.  
9. Given the formulas for the volume of cones, cylinders, and spheres, solve 
mathematical and real-world problems. 
CCSS.MATH.CONTENT.8.G.C.9 
Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres. 
Know the formulas for the volumes of cones, cylinders, and spheres and use them to 
solve real-world and mathematical problems. 
Materials: Lesson 3 Student Handout, pencils, 3D cylinder and sphere models, water, video (see 
link below), video player, clay, toothpicks, post-it notes, Lesson 3 exit ticket. 
Beginning of class (5 minutes): 
• Distribute student handouts while students are completing their routine. 
• Students complete opening exercise. 
Doodle Break (2 minutes) 
Discussion (10-15 minutes): 
• Review opening exercise. 
• Water demonstration using the cylinder and sphere models. 
• Derive volume equation through discussion. 
Doodle Break (2 minutes) 
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Group work/ Investigation Activity (10-15 minutes): 
• Activity completion (10 minutes) 
o Clay and toothpick volume activity. 
• Regroup and Summarize (5 minutes) 
o Review activity 
o Summarize lesson by discussing activity question as a class. 
Doodle Break (2 minutes) 
Independent Practice and Lesson Closure (9 minutes) 
• Practice problems completion. 
• Exit Ticket (1 problem skill assessment). 
Worksheets and Learning Activities begin below: 
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Lesson 3:  Volume of a Sphere 
 
Opening Exercise: 
1. Find the volume of the cylinder using the equation 2V r h=  
 with diameter of 12 cm and height of 5 cm.  
 
 
 
 
 
 
 
Discussion: Answer the questions below based on class discussion. 
1. If a sphere were to be poured into a cylinder of the same diameter, how 
much would be filled? 
 
 
 
 
 
2. How does your estimation compare to how much is filled in the cylinder? 
 
 
 
 
 
 
3. The equation for the volume of a sphere is                               . 
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 Wait, I thought the volume of a cylinder was 2V r h=  and the sphere filled 
𝟐
𝟑
 
of the cylinder? Where did 
𝟒
𝟑
 come from? 
4. What is the height of the cylinder? How does this compare to the height of 
the sphere? 
 
 
 
 
 
5. What is the height of the sphere?  
 
 
 
 
 
 
 
Group Activity: Clay Spheres 
Directions: In your group make two different size spheres out of clay. Roll the clay 
against the desk to make it as spherical as possible.  
1. Use a toothpick and stick it directly through the middle. Measure how 
much of the toothpick went through the sphere. This is the diameter. 
Sphere 1:      Sphere 2: 
 
 
 
 
2. Find the volume of the first sphere using the equation 𝑉 =
4
3
𝜋𝑟3. 
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3. Find the volume of the second sphere. 
 
 
 
 
 
 
 
4. Compare your answers with your group.  
 
 
 
 
 
 
 
Regroup and Summarize: Why would different group members get different 
answers for the volume of the same spheres? 
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Independent Practice: 
1.Using the equation 𝑉 =
4
3
𝜋𝑟3, find the volume of the sphere9.  
 
 
 
 
 
 
 
 
 
2. A basketball has a diameter of 9.5 inches.  What is the volume of a 
basketball?  Round your answer to the tenths place10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9 Image from NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 11, p.2 
10 NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 11, p.2 
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Exit Ticket 
1. Which of the following has a greater volume11? How do you know? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11 NYS Common Core Mathematics Curriculum: Module 5, Topic B, Lesson 11, p.3 
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Feedback from a Special Education Teacher 
 Due to COVID-19 and immediate virtual learning, this unit was not taught in a classroom 
as intended. Instead, a veteran teacher reviewed the work for feedback. This teacher has 
professional experience working with students with ASD and an Autism Specialist. The teacher 
reviewed these lessons with two of her current ASD students in mind and how these lessons 
would be successful for them. Her recommendations are paraphrased below: 
• Self-Evaluation Checklists: Although research shows that self-evaluation checklists work 
well for many students with ASD, they do not work for all students with ASD. It is 
important to consider each individual and what works for them when planning behavioral 
modifications. The teacher needs to modify, assess, and adjust when using checklists so 
that it continues to have meaning to the student.  
• Group Work: Lesson 3 initiates a group activity combining a pair of buddies with another 
pair to create a group of four. The veteran teacher commented that an increase from a 
group of two to a group of four may seem natural to many but could cause a student with 
ASD to become uncomfortable. The teacher recommends keep the number of students in 
a group to three until the student is comfortable with a group of this size.  
• Social Prompts: The special education teacher agrees that the use of a regular buddy 
system could be very successful when attempting to help students who have challenges in 
social situations. However, it should be noted that even when a student with ASD is 
comfortable with another student, they may need conversation or social prompts from the 
teacher to begin a discussion. This support could be in the form of a teacher leading the 
discussion or having starter questions for the pair of students to answer.  
Overall, the veteran teacher believes that the strategies used to modify this curriculum would 
be successful for many students with ASD. It is important to remember that ASD is a 
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spectrum disorder and no two children with ASD will have the same challenges in the 
classroom. 
Conclusion 
 The number of children diagnosed with Autism Spectrum Disorder has increased over the 
last twenty years, but teacher education on the topic has not. Considering the specific challenges 
that students with ASD have and the high expectations of the Common Core State Standards for 
Mathematics, it is more important now for general education teachers to have the proper training 
and resources available to them so they may meet the needs of their students.   Students with 
ASD can thrive in the general education mathematics classroom, with the right accommodations 
and modifications like a consistent routine, advanced notice of changes, a buddy system, use of 
technological tools, and frequent breaks. Although presented with eighth grade geometry 
content, this project is meant to demonstrate how any curriculum can be modified to meet the 
needs of students with ASD. It is the author’s hope that educators can use the strategies and 
structures presented in this project to change, modify, and adapt curriculum so that all students 
may be successful in the general education mathematics classroom.  
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Appendices 
Self-Monitoring Checklist 
 
Name: 
Check off how well you think you did in class. Yes! I did it!         I’ll try again. 
1. I brought all my materials to class.  
2. I asked questions when I needed help. 
3. I worked with my partner to complete the      
lesson task.  
4. I stayed on task during the lesson.  
 
Reflect: What can I do tomorrow to check off more yes boxes?  
 
 
 
 
 
 
 
 
 45 
Keys for the Worksheets 
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